INTRODUCTION
Halophilic organism is able to survive under hypersaline and alkaline conditions. The natural niche for these microorganismsis saline soil, salt lake, soda lake etc. (Oren, 2002) . However salt tolerant bacteria has been divided into two groups, one euryhaline: can be able to grow without salt, and stenohaline: NaCl compulsory for growth and survival (Vreeland, 1987) . To cope with changing environmental stresses, these microorganisms accumulate specialized molecules and complexed physiological mechanism. As the salinity increases it imposed the physiological drought stress conditions on a living microorganism that change the osmotic pressure also. Therefore, to protect the cells under these adverse environmental conditions, creation of a hydrophobic membrane layer would be more advantageous. Previous study suggested that under changing environment, the total unsaturated fatty acid content decreases when the osmolality of the growth medium is increased Miller KJ, (1986).The salinity and alkalinity of the soil is increasing day by day because of the extensive use of chemical fertilizer, pesticides etc. for increasing the agricultural productivity and yield.Also, the growth of crop and its productivity is affected by increased salinity therefore, utilization of haloalkalophilic bacterium for reducing the effect of salinity and alkalinity has drawn considerable attention to promote plant growth (Mishra et al., 2015) . The present study aimed to study the fatty acid analysis of a halophilic bacterium Bacillus licheniformisHSW-16 to a wide range of salt stress conditions.
MATERIAL AND METHODS

Bacterial strain and culture condition
A halotolerant bacterium Bacillus licheniformis HSW-16 was isolated from the hypersaline lake water of Sambhar lake. Previous study hasreported that thesalinity of lake is 7% (w/v) with salt concentration in the range of 12% to 30% (w/v). The sulphates, carbonates, bicarbonates, chlorides, sodium and smaller amounts of potassium salts are the major contributor to the salinity (Joshi and Seth 2008) . Isolated strain was capable to grow in presence of NaCl up to concentration of 2 to 11% (w/v). To studying the change in fatty acid composition of strain HSW-16, it was cultured in DF medium supplemented with salt concentration (0 mM, 150 mM, 175 mM, 200mM) .Composition of DF medium was as follows (per litre): KH2PO4 4.0g, Na2HPO4 6.0g, MgSO4.7H2O 0.2g, glucose 2.0g, gluconic acid 2.0g, citric acid 2.0g, Trace elements: FeSO4.7H2O 1mg, H3BO3 10µg, MnSO4.H2O 11.19µg, ZnSO4.7H2O124.6µg, CuSO4.5H2O 78.22µg, MoO310µg, pH 7.2 (Dworkin and Foster, 1958).
Lipid extraction
The bacterial strain HSW-16 was grown in DF medium supplemented with different salt (NaCl) concentration from 150 mM to 200 mM and incubated for 24 h in a rotator shaker at 30 °C. After the incubation period culture was centrifuged at 10,000 g for 20 min at 4 °C. After centrifugation, the supernatant was discarded and cell pellet was retained for fatty acid profiling. The obtained cell pallet was suspended in sonicated buffer containing Tris-HCl (50 mM, pH 7.6), dithithretiol (1.l M), 1 mMphenylmethylsulfonyl fluoride (PMSF) and lysozyme (0.2%) and sonication was carried out to obtain the cell lysate. The cellular lipids were extracted in the solvent system, chloroform and methanol in the ratio of 2:1. The obtained cell lysate was diluted ten times with the solvent system and kept on a shaker at 160 rpm for 3 h to separate the phases. The lower organic phase was concentrated on rotary evaporator and re-dissolved in toluene and converted into fatty acid methyl ester (FAME) by transesterification reaction as described in preceding section.
Transesterification and FAME analysis
Transesterification reaction was carried out by as per the method of chriestie, (2003) . The extracted cellular fatty acids, dissolved in toluene (5mL), were subjected to base catalyzed transesterification reaction. One molar (1 M), 100 ml stock solution of sodium methoxide was prepared by adding 2.3 g of sodium metal in methanol. In a 250 ml conical flask, sodium methoxide and methanol solution was taken in the ratio 1:2 and 2 ml of extracted fatty acids dissolved in toluene was added to it. The flask was sealed with a cotton plug to prevent from any contamination and kept in the oven at 50 °C for 2 h. After 2 h, the glacial acetic acid of 0.1 mL was added followed by 5 mL distilled water. The resulting esters were extracted in 10 ml of hexane analytical grade. The hexane layer was dried over anhydrous Na2SO4 to remove the trace of water. The hexane phase was concentratedon a rotary evaporator. The final concentrated hexane phase rich in esters were profiled using GC-MS (Shimadzu QP-2010 Plus).
Fatty acid analysis by gas chromatography (GC)
The profiling of resultant FAME samples (l µL) was carried out using gas chromatography-mass spectroscopy (GC-MS) (Shimadzu QP-2010 Plus) equipped with a split/splitless injector and capillary column DB-5 MS (0.25 µm film thickness, 0.25 mm i.d., 30 m length). The conditions applied for GC analysis were: splitless mode, initial oven temperature 50 °C which was held for 2 min, injector temperature 250 °C and detector temperature 230 °C. The temperature was increased from 50 °C to 250 °C at a rate of 10 °C per min and was held for 3 min on reaching 250 °C. The temperature was further increased from 250 °C to 280 °C at a rate of 15 °C per min and was held for 5 min on reaching 280 °C. The helium of ultra-high purity was utilized as carrier gas (head pressure was 72.5 kPa and flow rate was maintained as 1.21 ml min -1 ). The conditions applied for MS analysis were: scan mode, start time 4.00 min, end time 31.99 min, scan speed 1250, event time 0.5 second, start m/z 40.00 and end m/z 650.00. Data was compared with the inbuilt standard mass spectra library system (NIST-05 and Wiley-8) of GC-MS.
RESULTS AND DISCUSSION
The proficiency of HSW-16 in the environment of varying salt concentration (150 mM to 200 mM) was studied by observing the composition of cellular extract. The composition of cellular extract was analyzed using GC-MS analysis at respective salt concentration. A control was also placed with 0 mM salt concentration to investigate the change in fatty acid composition. The obtained GC-MS profile of cellular extract at different salt composition were comprised of hydrocarbons, fatty alcohols and fatty acids with carbon chain length varying in range of C13-C44. At 0 mM salt concentration (Table 1 .), the composition of extract was mainly hydrocarbons with n-tetracosane (6.91%), n-tetracontane (9.26%), hexatriacontane (11.16%), pentacosane (10.72%), n-tetratriacontane (9.34%), n-tetratetracontane (7.34%). The GC-MS analysis of extract at 0 mM salt concentration also showed the presence of fatty acids like tetradecanoic acid (0.47%), octadec-9-enoic acid (0.90%), and pentadecanoic acid (2.8 %). As the salt concentration increases from 0 mM to 150 mM (Table 2 .), the extract composition changes with increase in concentration of long chain alkanes like hexatriacontane (11.16%), pentacosane (12.56%), n-tetratriacontane (12.15%), ntetratetracontane (10.25%). The cell extract (Table 2 .) also shows the presence of fatty alcohols like 1-heptadecanol (0.07%), 1-nonadecanol (0.13%), 1-tetracosanol (0.14%). At salt concentration of 175 mM (Table 3 .), the composition of cell extract was mainly hydrocarbons like n-tetracosane (3.08 %), n-tetracontane (6.20%), hexatriacontane (11.20%), pentacosane (10.85%), ntriacontane (10.01%), n-tetratriacontane (6.88 %). Similar composition of cell extract was observed at salt concentration of 200 mM (Table 4 .) having hydrocarbon like n-tetracosane (6.54%), n-tetracontane (9.14%), hexatriacontane (11.02%), pentacosane (10.69%), n-tetratetracontane (9.65%), n-tetratriacontane (7.56%). At 200 mM salt concentration, fatty alcohols like 1-heneicosanol (0.97 %), 1-heptadecanol (0.78%), 1-tetracosanol (0.51%) were also present in the intracellular cell extract. Thus, the GC-MS analysis of cellular extract at varying salt concentration confirmed the presence of long chain hydrocarbon, fatty acid and fatty alcohol. The analysis also shows that as the concentration of the salt increases in the cellular vicinity, the intracellular composition of the cell changes. The two strategies implemented by prokaryotes for survival in osmotic stress is 1: 'salt in cytoplasm' approach, which requires extensive structural modifications, is restricted mainly to members of the Halobacteriaceae, 2: accumulation of a restricted range of compatible solutes (Present work). In present work, in order to retort the osmotic stress, cell starts accumulating long chain alkanes and fatty alcohol which helps in maintaining the cellular membrane as iso-osmotic with changing salt concentration and crucial for bacterial cell survival. The bacterial species are capable of synthesize fatty alcohols and hydrocarbons intracellular as well extracellular having chain length ranging from C9-C20. The present study confirmed that the assimilation of different compounds of different composition, nature in response to changing environment of salinity was necessary for bacterium cell survival. 
